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(57) ABSTRACT 

Various technologies and techniques are disclosed for provid 
ing a data Warehouse test automation framework system. A 
data generation module is provided that is operable to gener 
ate data scenarios that ensure speci?c logic is being validated 
against a data Warehouse. A data validation module is pro 
vided that has data validation blocks that provide a framework 
for validating data completeness and data integrity of a data 
Warehouse. The data validation blocks are represented by 
query templates that provide speci?cations for hoW queries 
that perform the validating of the data completeness and the 
data integrity should be structured. Dimensions in the data 
Warehouse are modeled using an object oriented program 
ming syntax. 
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DATA WAREHOUSE TEST AUTOMATION 
FRAMEWORK 

BACKGROUND 

[0001] A data warehouse is a repository of a company’s 
historical data, and contains the data for decision support 
systems. Data warehouses are designed to allow a data analyst 
to perform complex queries and analysis on the information 
without slowing down the day-to-day operational systems. In 
other words, data warehouses are optimiZed for reporting and 
analysis, which is why they are often referred to as online 
analytical processing (OLAP) databases. In order to achieve 
this end goal of complex analysis of historical data with 
reasonable response times, data in data warehouses is typi 
cally stored in a dimension-based model. Data is typically 
organiZed so that data elements that relate to the same object 
in the real world are linked together. Data warehouses typi 
cally follow a de-normaliZed approach to structuring data, 
where the fast access to summary information is more impor 
tant than going to great extents to avoid duplication of data 
across multiple tables. Since data warehouses are typically 
read-only for historical analysis, there is usually less concern 
about data duplication, and the same information may be 
contained in multiple tables where that information might be 
relevant. 
[0002] On the other hand, online transaction processing 
(OLTP) databases are typically used to handle the day-to-day 
operations of a business, where data is being regularly added 
and modi?ed. OLTP systems are typically designed for speed 
of modi?cation so that the response time is good for process 
ing each transaction. In OLTP databases, the database struc 
ture typically follows a normalized approach, which follows 
certain rules for avoiding duplication of data and other gen 
eral design practices that help ensure optimum performance 
for data that is updated regularly. For example, in an OLTP 
database, the customer name and address may only be present 
in a customer detail table to avoid duplication of data, and to 
ensure that only one copy of that record is maintained. That 
same information may be contained in multiple tables in a 
data warehouse. In another example, one table in a data ware 
house may provide sales details, with the customer name and 
address duplicated for each sales record. That data warehouse 
may also have a customer table that contains the name and 
address details. While this duplication of data would violate 
good design rules for an OLTP database, it can be appropriate 
practice for a data warehouse since speed of answering spe 
ci?c business questions is the primary concern, and the data is 
not being updated (which would be very dif?cult to achieve 
when the same data is contained in multiple places). 
[0003] In order to generate a data warehouse, a transforma 
tion process is typically used to transform the data in the 
OLTP database into the format used by the data warehouse. 
This transformation process is often referred to as an extract, 
transform, and load (ETL) process that involves extracting 
data from outside sources, transforming it to ?t business 
needs, and ultimately loading it into the end target, ie the 
data warehouse. This ETL transformation process typically 
involves the transformation of the normalized database tables 
in the OLTP database into data structures with various dimen 
sions in the data warehouse. Since the structure of an OLTP 
database is very different from the structure of a data ware 
house, the results of the transformation from OLTP data 
tables to data warehouse tables should be analyZed to ensure 
the desired end result was actually achieved. In the very 

Jun. 11, 2009 

simple example introduced earlier, veri?cation would be 
needed, among other things, to ensure that the customer detail 
information was propagated correctly from just the single 
table in the relational database to the multiple tables in the 
data warehouse. This veri?cation process can become very 
tedious and prone to errors, especially for data warehouses 
that have any sort of complexity, which most of them do. 

SUMMARY 

[0004] Various technologies and techniques are disclosed 
for providing a data warehouse test automation framework 
system. A data generation module is provided that is operable 
to generate data scenarios that ensure speci?c logic is being 
validated against a data warehouse. A data validation module 
is provided that has data validation blocks that provide a 
framework for validating data completeness and data integ 
rity of a data warehouse. The data validation blocks are rep 
resented by query templates that provide speci?cations for 
how queries that perform the validating of the data complete 
ness and the data integrity should be structured. Dimensions 
in the test automation framework are modeled using an object 
oriented programming syntax. 
[0005] In one implementation, rejections are processed as 
source data is fed into a data warehouse. As source data is fed 
into a data warehouse, rejection logic is applied to the source 
data to determine if the source data is valid. A validity indi 
cator is populated for each row of the source data that marks 
whether each row of the source data is valid. The validity 
indicator is used with one or more validation query templates 
to determine whether the source data was transformed into 
destination data as expected. 
[0006] This Summary was provided to introduce a selec 
tion of concepts in a simpli?ed form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key features or essential features of the 
claimed subject matter, nor is it intended to be used as an aid 
in determining the scope of the claimed subject matter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a diagrammatic view of exemplary com 
ponents of a data warehouse test automation framework of 
one implementation. 
[0008] FIG. 2 is a diagrammatic view of an object oriented 
dimension model of one implementation. 
[0009] FIG. 3 is a process ?ow diagram of one implemen 
tation illustrating the stages involved in generating positive 
tests for a subset of source columns. 

[0010] FIG. 4 is a process ?ow diagram for one implemen 
tation illustrating the stages involved in generating negative 
tests that focus on rejection logic. 
[0011] FIG. 5 is a process ?ow diagram for one implemen 
tation illustrating the stages involved in processing rejections 
as source data is fed to the data warehouse. 

[0012] FIG. 6 is a process ?ow diagram for one implemen 
tation illustrating the stages involved in using a data valida 
tion module to check data integrity and data completeness of 
data in a data warehouse. 

[0013] FIG. 7 is a diagrammatic view for one implementa 
tion that illustrates a data validation module being used to 
validate data in the data warehouse. 
[0014] FIG. 8 is a diagrammatic view of one implementa 
tion of a data validation/ data integrity query template. 
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[0015] FIG. 9 is a diagrammatic vieW of one implementa 
tion of a fact count check query template. 
[0016] FIG. 10 is a diagrammatic vieW of one implemen 
tation of a rejection count check query template. 
[0017] FIG. 11 is a diagrammatic vieW of one implemen 
tation of a dimension count check query template. 
[0018] FIG. 12 is a diagrammatic vieW ofa computer sys 
tem of one implementation. 

DETAILED DESCRIPTION 

[0019] The technologies and techniques herein may be 
described in the general context as a framework for validating 
data Warehouses, but the technologies and techniques also 
serve other purposes in addition to these. In one implemen 
tation, one or more of the techniques described herein can be 
implemented as features Within a database program such as 
MICROSOFT® SQL Server, or from any other type of pro 
gram or service that validates and/ or interacts With data Ware 
houses. 
[0020] FIG. 1 is a diagrammatic vieW of exemplary com 
ponents of a data Warehouse test automation framework 100 
of one implementation. The term “data Warehouse” as used 
herein is meant to include one or more databases, datamarts, 
tables, and/or other groupings of data that is/are structured for 
the purpose of alloWing complex queries to be performed 
quickly to alloW a user to analyZe information Without sloW 
ing doWn day-to-day operational systems. In the example 
shoWn in FIG. 1, data Warehouse test automation frameWork 
100 includes dimensions that are modeled using an object 
oriented programming syntax 102, a data generation module 
104, and a data validation module 110. The modeling of 
dimensions using an object oriented programming syntax 102 
is described in further detail in FIG. 2. Data generation mod 
ule 104 is responsible for generating the data scenarios that 
ensure the speci?c logic is being validated. In one implemen 
tation, the data generation module 104 is designed to facilitate 
the generation of valid/invalid source data on the ?y With 
minimal speci?cation. This is described in further detail in 
FIGS. 3-4. In one implementation, the data generation mod 
ule 104 is also designed to pre-process source data as 
described in FIG. 5 by marking data as either valid or invalid 
so that the validation queries (discussed in FIGS. 6-11) can 
compare the expected behavior against the data Warehouse 
behavior. 
[0021] Data validation module 110 is responsible for 
checking the data integrity and data completeness of a data 
Warehouse to ensure that the destination data in the data 
Warehouse is being properly populated from the source data 
store. Validation blocks in the data validation module 1 10 are 
represented in query templates (112, 114, etc.) that can be 
updated quickly as business logic changes. Data validation 
module 110 is described in further detail in FIGS. 6-11. 
[0022] In one implementation, data generation module 104 
is loosely coupled With the data validation module 1 10 to 
create a ?exible and extensible design that ensures that spe 
ci?c logic is being validated. Additional test cases can be 
added quickly through the addition of neW data/nodes (using 
XML or another suitable format). This approach builds ?ex 
ibility and maintainability into the automation architecture, 
alloWing for reusable test automation code and automation 
Work that can be applied to multiple versions of a product. 
The structure of the frameWork provides complete test cov 
erage for data Warehousing projects and is modular enough to 
adapt to later project changes. 

Jun. 11, 2009 

[0023] FIG. 2 is a diagrammatic vieW of an object oriented 
dimension model 130 of one implementation. Before turning 
to the discussion of the dimension model 130, some de?ni 
tions are ?rst necessary. The term “dimension” as used herein 
is meant to include a domain of data that applies to associated 
fact data and represents the data set that the fact data can be 
summariZed or sliced by. For example, a pro?t summary in a 
fact table might be vieWable by a Time dimension (pro?t by 
month, day, year), a Region dimension (pro?t by city or state), 
and a Product dimension (pro?t for product1, product2). A 
“fact table” is a table that contains summarized numerical and 
historical data (facts) and a multipart index composed of 
foreign keys from the primary keys of related dimension 
tables. 

[0024] In one implementation of the data Warehouse test 
automation frameWork 100, dimensions are modeled as 
objects using an object oriented programming syntax 102 (as 
noted in FIG. 1). A virtual dimension object 132 is Where the 
dimension object is de?ned. A static dimensionbase class 134 
inherits its properties and methods from the virtual dimension 
object 132. Static dimensions have a static or set data domain. 
The total domain of data values is knoWn and other values are 
rejected as invalid or they are transformed to an accepted 
default. The static dimension base class 134 maps the good 
knoWn values to enable the modeling of transformation logic 
from the source systems to the system being tested. A 
dynamic dimension base class 138 inherits from a static 
dimension base class 134. Dynamic dimensions are those in 
Which there is no set/knoWn data domain and neW values can 
be added during the data Warehouse loading process. The 
dynamic dimension base class 138 is able to compare the total 
data domain of the sources to the system being tested. 
[0025] By representing dimensions as objects using an 
object oriented programming language (OOP) such as C#, 
Visual Basic.NET, or any object oriented programming lan 
guage that supports inheritance, certain validation features 
can be built into the design. For example, all dimensions can 
“knoW” Whether a raW data event is “good” or “bad” based on 
methods in the dimension called data validation blocks. As 
noted in FIG. 1, the validation blocks can be implemented in 
the form of query templates Which provide guidance on What 
the query needs to contain. By representing dimensions as 
objects, the common dimension based interface for rejection/ 
transformation of raW events can be factored before they are 
added to the data Warehouse. In one implementation, When 
ever a neW dimension is added to the data Warehouse or an 

existing dimension is removed, only minimal code change is 
required. 
[0026] In one implementation, the transformation/rej ection 
logic for dimensions is separated from the dimension objects. 
This separation of transformation/rejection logic from the 
dimension objects enables updates to dimension logic With 
out recompiling and modifying the object oriented program 
ming code structures and test cases calling the object oriented 
programming code. This separation of transformation/rej ec 
tion logic from the dimension obj ects also alloWs for any 
language/tool that can best capture the data Warehouse trans 
formation/rejection logic to be used. In one implementation, 
T-SQL is used for the transformation/rejection logic, but the 
?exible design alloWs the validation logic to be captured in 
modules coded Within the OOP language the frameWork is 
coded in, or in some other query language. 

[0027] Turning noW to FIGS. 3-11 With continued refer 
ence to FIGS. 1-2, the stages for implementing one or more 
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implementations of data Warehouse test automation frame 
Work 100 are described in further detail. In some implemen 
tations, the processes of FIG. 3-11 are at least partially imple 
mented in the operating logic of computing device 500 (of 
FIG. 12). 
[0028] FIG. 3 is a process How diagram 240 that illustrates 
one implementation of the stages involved in generating posi 
tive tests by inserting valid data that is expected to be accepted 
and processed through to the fact tables and overriding values 
for a subset of source columns to target speci?c business 
logic/transformation scenarios. In one implementation, the 
process described in FIG. 3 is one component of the data 
generation module 104, and more speci?cally, of the data 
insertion module 106. As noted in the discussion of FIG. 1, 
the data generation module 104 is designed to facilitate the 
generation of valid/invalid source data on the ?y With mini 
mal speci?cation. The data generation module 104 is also 
designed to pre-process source data by marking data as either 
valid or invalid so that the validation queries discussed in 
FIGS. 6-11 can compare the expected behavior against the 
data Warehouse behavior. 

[0029] The data insertion module alloWs a tester to specify 
only a subset of source columns to be used in the focused test 
(stage 242). In one implementation, there are tWo sources of 
the data: a table that contains all required column values for 
testing, and input XML ?le(s) or any other suitable format 
Which contains the subset values to be tested. The subset of 
columns includes just those columns that the tester is inter 
ested in testing. This alloWs focused development of tests 
around speci?c business logic. The system automatically 
pads remaining columns from a guaranteed set of valid values 
(stage 244). The system runs the focused test against a data 
Warehouse (stage 246) and then outputs the results of the test 
for further analysis (stage 248). 
[0030] FIG. 4 is a process How diagram 270 that illustrates 
one implementation of the stages involved in generating 
negative tests that focus on rejection logic by inserting invalid 
data as de?ned in input XML ?les or any other suitable 
format. The tester speci?es columns With invalid data (stage 
272) and the test is run against the data Warehouse (stage 274). 
The system ensures that only those roWs Will be rejected 
according to the transformation logic (stage 276). The results 
of the test are then output for further analysis (stage 278). 
[0031] FIG. 5 is a process How diagram 290 that illustrates 
one implementation of the stages involved in processing 
rejections as source data is fed to the data Warehouse. The 
source data is fed to the data Warehouse (stage 292). The 
system applies the rejection logic to source data to determine 
if the source data is valid or invalid (stage 294). Each roW is 
then programmatically marked With a validity indicator as 
either being valid or invalid (stage 296). Each roW that is 
rejected is also optionally indicated With a rejection reason 
(stage 296). The validity indicator and rejection reason infor 
mation is used later by the validation query templates to 
match against the destination data (stage 298) in the data 
Warehouse to ensure that the results are as expected. For 
example, a roW can reference an inactive customer, not 
specify the region and have a future date in the Time dimen 
sion, all of Which may be a reason for the rejection. But the 
data Warehouse being tested may only reject the roW based on 
the ?rst reason (of the inactive customer in this example). 
Thus, to properly validate the real rejection reason(s), mul 
tiple rejection reasons are supported, and can be analyZed. 
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[0032] FIG. 6 is a process How diagram 310 that illustrates 
one implementation of the stages involved in using a data 
validation module to check data integrity and data complete 
ness in a data Warehouse. The system loads data into a data 
Warehouse from a relational database (stage 312). The system 
runs the validation queries based on query templates to per 
form validation tests against dimensions and fact tables (stage 
314). The system also runs validation queries based on query 
templates to handle rejected roWs appropriately (stage 316). 
These validation queries help ensure that the data integrity 
and data completeness of the data Warehouse has been 
achieved after the data Was transformed from the source data 
in the original database structure. Some example validation 
queries and query templates are described in further detail in 
FIGS. 8-11. Before looking at the example templates and 
queries, hoWever, an explanation of a transformation process 
that uses a data validation module (110 on FIG. 1) With these 
templates Will ?rst be discussed in further detail. 

[0033] FIG. 7 is a diagrammatic vieW for one implementa 
tion that illustrates a data validation module 350 being used to 
validate data in a data Warehouse during a transformation 
process. The source data speci?cation 352 is accessed, and 
data insertion 354 is performed to insert data into the data 
Warehouse. The source data tables 356 in the relational data 
base are accessed, and logic is used to generate the marked 
data 358 appropriately. For example, data can be marked as 
good source data 360, and data can be marked as rejected 
source data 362. An example process for marking data as 
good or bad Was described earlier in FIG. 5. This marked data 
358 and source data tables 356 are then fed to the data Ware 
house 364. In the example shoWn in FIG. 7 (and discussed in 
further detail in FIGS. 8-11), four validation blocks are used 
to verify the transformation of data that gets inserted into the 
data Warehouse 364. These validation blocks are represented 
on FIG. 7 With the letters A, B, C, and D. As noted earlier, the 
validation blocks are provided in the test automation frame 
Work as query templates. ValidationblockA is responsible for 
verifying data validity and integrity of the dimensions 366 
and fact tables 368 in the data Warehouse 364, as described in 
further detail in FIG. 8. Validation block B is responsible for 
verifying the count of roWs in fact tables 368, as described in 
further detail in FIG. 9. Validation block C is responsible for 
validating counts of rejected data, as described in further 
detail in FIG. 10. Validation block D that is responsible for 
validating dimension counts, as described in further detail in 
FIG. 11. 

[0034] While four validation blocks are shoWn in FIG. 7, in 
other implementations, feWer and/or additional validation 
blocks can be used to verify some or all of the data in the data 
Warehouse 364. The four shoWn in FIG. 7 and discussed 
herein are just provided for the sake of illustration. Similarly, 
the exemplary query templates for representing the validation 
blocks and/or the corresponding example queries for each 
template that are described in the folloWing sections are just 
provided for the sake of illustration. These query templates 
and query examples illustrate validation blocks used in one 
implementation of a frameWork for testing a data Warehouse. 
There is nothing in the design that limits the exact query 
templates to be used, nor the exact query syntax to be used. 
Any other suitable means for representing one or more exten 
sible query templates and/or for implementing those tem 
plates in a speci?c query for a data Warehouse could be used 
in other implementations. The exemplary query templates 
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and queries that correspond with the four validation blocks 
(A, B, C, and D) shown in FIG. 7 will now be discussed in 
more detail. 

[0035] FIG. 8 is a diagrammatic view of one implementa 
tion of a data validation/data integrity query template 380. 
The data validation/data integrity query template 380 has a 
?rst validation check 382 that is responsible for ensuring that 
the value in each data ?eld is correctly represented. This ?rst 
validation check 382 ensures that there will be no truncations 
of data and that a column value (or group of column values) 
will be correctly mapped and transformed into the warehouse. 
The data validation/data integrity query template 380 also has 
a second validation check 384 that is responsible for data 
integrity veri?cation. The second validation check 384 
ensures that relationships between fact data are maintained 
within the dimensions. In other words, the second validation 
check 384 is used to ensure that all non-rejected rows in the 
source data were extracted and loaded as expected. After an 
extract-transform-load (ETL) process completes, the second 
validation check 384 validates that there is not any source data 
that was missed and that there are not any “extra” rows. 

[0036] In one implementation, a data warehouse that uses 
the validation framework described herein has one query 386 
that uses the data validation/data integrity template 380 for 
each fact table and applicable dimension pair. This means that 
the total number of queries is equal to the number of fact 
tables times the number of applicable dimension pairs. In 
such an implementation, the number of times 388 that the 
query is called is one time for each dimensional validation. 

[0037] A non-limiting example of a query that uses a data 
validation/data integrity query template 380 is shown below 
in a SQL format: 

SELECT r.BiosNarne, r.BiosVersion, r.BiosReleaseDate, dbi.[Narne], 
dbi.Version, dbi.ReleaseDate 

FROM WMTiStagerDW r 
JOIN FactInstallEvent Fact ON CONVERT(varchar(36), 

r. EventInstanceID) = FactEventID 
JOIN DimBios dbi ON FactBiosKey = dbi.BiosKey 

WHERE ISNULL(r.BiosNarne, ”) < > ISNULL(dbi.[Narne], ”) 
or ISNULL(r.BiosVersion, ”) < > ISNULL(dbi.Version, ”) 
or ISNULL(r.BiosReleaseDate, ”) < > ISNULL(dbi.ReleaseDate, ”) 
or ISNULL(r.ClientSarnplingValue, ”) < > 
ISNULL(Fact.ClientSarnplingValue, ”) 

[0038] In the example query shown above, the transforma 
tion logic is captured in the WHERE clause. By putting the 
transformation logic in the WHERE clause of the query, 
various objectives are achieved in this particular example. 
First, validation that the ETL process is mapping and trans 
forming the source to the destination appropriately for each 
column in every raw data row in the database is veri?ed. 
Second, the referential integrity rules between the Fact table 
and Dimension are properly maintained. 
[0039] What the above query does not validate is whether 
there are any rows in the source data that should have been 
extracted, transformed, and loaded but that are not present in 
the destination (or conversely that there are rows in the des 
tination that are mysteriously unaccountable from the 
source.) For this scenario, the next query template described 
in FIG. 9 can be used. 

[0040] FIG. 9 is a diagrammatic view of one implementa 
tion of a fact count check query template 400. The fact count 
check query template 400 contains two validation checks. 
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The ?rst validation check 402 is designed to ensure that all 
fact rows come from the valid source data. The second vali 
dation check 404 is designed to ensure that the valid source 
data contains all the rows that are in the fact table. In other 
words, the fact count check query template 400 is designed to 
help detect any valid source data rows that are missing from 
the fact table or any extra fact rows that did not exist in the 
valid source data. 
[0041] In one implementation, a data warehouse that uses 
the validation framework described herein has one query 406 
based upon the fact count check query template 400 for each 
fact table. In such a scenario, the number of times 408 that 
each query is called is then once for every dimension valida 
tion. 
[0042] A non-limiting example of a query that uses a fact 
count check query template 400 is shown below in a SQL 
format: 

SELECT r.EventInstanceID, FactEventID 
FROM (valid source data for Install) AS r 
FULL OUTER JOIN FactInstallEvent Fact 

ON CONVERT(varchar(36), r. EventInstanceID) = FactEventID 
WHERE ( 

FactEventID IS NULL —— the row is the source but not the destination 

AND r.EventID IN (182, 183, 184) 

OR r.EventInstanceID IS NULL —— the row is in destination but not the 

source 

[0043] Turning now to FIG. 10, a diagrammatic view of one 
implementation of a rejection count check query template 
420 is illustrated. The rejection count check query template 
420 contains one validation check that is designed to ensure 
that rejected source data is consistent with the errors table in 
the data warehouse. 
[0044] In one implementation, a data warehouse that uses 
the validation framework described herein has one query 424 
based upon the rejection count check query template 420 for 
the data warehouse as a whole. In such a scenario, the number 
of times 426 that the query is called is then once for every 
dimension validation. 
[0045] A non-limiting example of a query that uses a rejec 
tion count check query template 420 is shown below in a SQL 
format: 

SELECT r.EventInstanceID, Error.EventID 
FROM (rejected source data) AS r —— false represents we want the rejected 
rows 

FULL OUTER JOIN SourceDataError Error ON CONVERT(varchar(36), 
r.EventInstanceID) = Error. EventInstanceID 
WHERE Error.EventInstanceID IS NULL —— the row is in the source but 

not the destination 
OR r.EventInstanceID IS NULL —— the row is in the destination but not the 
source 

[0046] FIG. 11 is a diagrammatic view of one implemen 
tation of a dimension count check query template 440. The 
dimension count check query template 440 contains two vali 
dation checks. The ?rst validation check 442 is designed to 
ensure that the correct columns are in the dimension. The 
second validation check 444 is designed to ensure that the 
correct number of rows is present for the dimension. 
[0047] In one implementation, a data warehouse that uses 
the validation framework described herein has one query 446 
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for each fact table and applicable dimension pair. In such a 
scenario, the number of times 448 that the query is called is 
then once for each dimensional validation. 
[0048] A non-limiting example of a query that uses a 
dimension count check query template 440 is shoWn beloW in 
a SQL format: 

SELECT rd.BiosNaIne, rd.BiosVersion, rd.BiosReleaseDate, dbi.BiosKey 
FROM DimBios dbi 
RIGHT OUTER JOIN (fnExcludeRej ectedData(RaWData, true)) AS rd 

—— true represents We Want the “good” roWs 

ON rd.BiosNaIne = dbi.[NaIne] 
AND rd.BiosVersion = dbi.Version 

AND rd.BiosReleaseDate = dbi.ReleaseDate 

WHERE dbi.BiosKey is NULL 

[0049] As shoWn in FIG. 12, an exemplary computer sys 
tem to use for implementing one or more parts of the system 
includes a computing device, such as computing device 500. 
In its most basic con?guration, computing device 500 typi 
cally includes at least one processing unit 502 and memory 
504. Depending on the exact con?guration and type of com 
puting device, memory 504 may be volatile (such as RAM), 
non-volatile (such as ROM, ?ash memory, etc.) or some com 
bination of the tWo. This most basic con?guration is illus 
trated in FIG. 12 by dashed line 506. 
[0050] Additionally, device 500 may also have additional 
features/functionality. For example, device 500 may also 
include additional storage (removable and/ or non-removable) 
including, but not limited to, magnetic or optical disks or tape. 
Such additional storage is illustrated in FIG. 12 by removable 
storage 508 and non-removable storage 510. Computer stor 
age media includes volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information such as computer readable 
instructions, data structures, program modules or other data. 
Memory 504, removable storage 508 and non-removable 
storage 510 are all examples of computer storage media. 
Computer storage media includes, but is not limited to, RAM, 
ROM, EEPROM, ?ash memory or other memory technology, 
CD-ROM, digital versatile disks (DVD) or other optical stor 
age, magnetic cassettes, magnetic tape, magnetic disk storage 
or other magnetic storage devices, or any other medium 
Which can be used to store the desired information and Which 
can accessed by device 500. Any such computer storage 
media may be part of device 500. 
[0051] Computing device 500 includes one or more com 
munication connections 514 that alloW computing device 500 
to communicate With other computers/ applications 515. 
Device 500 may also have input device(s) 512 such as key 
board, mouse, pen, voice input device, touch input device, etc. 
Output device(s) 511 such as a display, speakers, printer, etc. 
may also be included. These devices are Well knoWn in the art 
and need not be discussed at length here. 
[0052] Although the subject matter has been described in 
language speci?c to structural features and/or methodologi 
cal acts, it is to be understood that the subject matter de?ned 
in the appended claims is not necessarily limited to the spe 
ci?c features or acts described above. Rather, the speci?c 
features and acts described above are disclosed as example 
forms of implementing the claims. All equivalents, changes, 
and modi?cations that come Within the spirit of the imple 
mentations as described herein and/ or by the folloWing claims 
are desired to be protected. 

Jun. 11, 2009 

[0053] For example, a person of ordinary skill in the com 
puter softWare art Will recognize that the examples discussed 
herein could be organized differently on one or more com 
puters to include feWer or additional options or features than 
as portrayed in the examples. 
What is claimed is: 
1. A data Warehouse test automation frameWork system 

comprising: 
a data generation module that is operable to generate data 

scenarios that ensure speci?c logic is being validated 
against a data Warehouse; and 

a data validation module With one or more query templates 
that are operable to provide speci?cations for checking 
destination data in the data Warehouse to ensure that the 
destination data is being properly populated from source 
data. 

2. The system of claim 1, Wherein the data generation 
module comprises data insertion logic and data rejection 
logic. 

3. The system of claim 1, Wherein the data generation 
module is operable to alloW a negative test to be run against 
the data Warehouse that focuses on rejection logic. 

4. The system of claim 1, Wherein the data generation 
module is operable to alloW a positive test to be run against the 
data Warehouse for a subset of source columns. 

5. The system of claim 1, Wherein the data validation mod 
ule is operable to pre-process source data by marking the 
source data so that validation queries that are based upon the 
one or more query templates can compare an expected behav 
ior against an actual data Warehouse behavior. 

6. The system of claim 1, further comprising: 
a syntax for enabling dimensions to be modeled in an 

object oriented programming fashion. 
7. The system of claim 1, Wherein at least one of the query 

templates provide speci?cations for checking data integrity 
of destination data in the data Warehouse. 

8. The system of claim 1, Wherein at least one of the query 
templates provides speci?cations for checking data com 
pleteness of destination data in the data Warehouse. 

9. A data validation system comprising: 
data validation blocks that provide a frameWork for vali 

dating data completeness and data integrity of a data 
Warehouse, the data validation blocks being represented 
by a plurality of query templates that provide speci?ca 
tions for hoW queries that perform the validating of the 
data completeness and the data integrity should be struc 
tured. 

10. The system of claim 9, Wherein at least one of the query 
templates provides a data validation speci?cation for ensur 
ing that a value in each data ?eld is correctly represented in 
the data Warehouse. 

11. The system of claim 9, Wherein at least one of the query 
templates provides a data integrity speci?cation for ensuring 
that relationships betWeen fact data are maintained With 
dimensions in the data Warehouse. 

12. The system of claim 9, Wherein at least one of the query 
templates provides a fact count check speci?cation for ensur 
ing that all fact roWs in a given fact table in the data Warehouse 
come from valid source data. 

13. The system of claim 9, Wherein at least one of the query 
templates provides a fact count check speci?cation for ensur 
ing that valid source data contains all roWs that are in a given 
fact table in the data Warehouse. 

14. The system of claim 9, Wherein at least one of the query 
templates provides a rejection count check speci?cation for 
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ensuring that rejected source data is consistent With an errors 
table in the data Warehouse. 

15. The system of claim 9, Wherein at least one of the query 
templates provides a dimension count check speci?cation for 
ensuring that correct columns are in a given dimension. 

16. The system of claim 9, Wherein at least one of the query 
templates provides a dimension count check speci?cation for 
ensuring that a correct number of roWs are present for a given 
dimension. 

17. The system of claim 9, Wherein the queries are operable 
to be run against dimensions and fact tables in the data Ware 
house to perform the validating of the data completeness and 
the data integrity. 

18. A method for processing rejections as source data is fed 
into a data Warehouse comprising the steps of: 

feeding source data into a data Warehouse; 
applying rejection logic to the source data to determine if 

the source data is valid; 
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populating a validity indicator for each roW of the source 
data that marks Whether each roW of the source data is 
valid; and 

using the validity indicator With one or more validation 
query templates to determine Whether the source data 
Was transformed into destination data as expected. 

19. The method of claim 18, Wherein the validity indicator 
designates each roW of the source data as either being valid or 
invalid. 

20. The method of claim 18, further comprising the steps 
of: 

populating a rejection reason When the validity indicator 
speci?es that a respective roW Was rejected, the rejection 
reason being used With the one or more validation query 
templates to determine Whether the source data Was 
transformed into the destination data as expected. 

* * * * * 


